Introduction
Asphalt is one of the basic building materials that are mainly used in road construction. With the development of the use of bituminous binders in road construction, there is also the development of new test methods describing the properties of bitumen as accurately as possible. The behaviour of bituminous binders at high temperatures with a risk of permanent deformation is one of the most important. Furthermore, the determination of the resistance to low temperatures is used to assess the risk of a pavement failure by frost cracks. Also, the fatigue properties of the material must not be forgotten, or the resistance to loss of cohesion should be characterized.
The quality of bituminous binders is commonly evaluated by the empirical tests based on obtaining one values for specific boundary conditions. The consistencies for the mean operating temperatures (the penetration test) and for elevated operating temperatures (the softening point test)
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Vol. 15, Issue 2/2019, 174-182 are assessed. However, these properties are not related to an asphalt composition and to the stresses corresponding to the load in a real pavement. The increase in the requirements for the properties of asphalt mixtures has caused, new ways and approaches to be sought to better describe the properties of the bituminous binders. The functional approach to the evaluation of bitumen properties is a trend that has been applied in last years.
In the case of functional characteristics, the behaviour of bitumen is determined as a result of repeated load, or the various forms of intervals (temperature, frequency, stress, strain) in which the bitumen is exposed. The dynamic shear rheometer (DSR) test has been widely used to determine the rheological properties of bitumen in the wide range of frequencies and temperatures that occur in the asphalt layers of a pavement. The relationship between the empirical tests and the rheological properties of bituminous binders, determined in the dynamic shear rheometer, has been the subject of research in several works (e.g. [1] [2] [3] [4] [5] ).
However, the chemical perspective describes bitumen as a composite material that can easily be separated into two major fractions by the solvent extraction with n-heptane: (a) the insoluble fraction of asphaltenes, and (b) the soluble fraction, the maltenes - [6] . The soluble fraction can be split into three phases by column chromatography: saturates, aromatics (also apolar aromatics), and resins (also polar aromatics) - [7] [8] . Different concentrations of asphaltenes in the bitumen have a significant influence on the rheological bitumen properties. Increasing the content of asphaltenes results in increasing hardness and viscosity [9] and shows an influence of the sensitivity of ageing [10] . In an interdisciplinary study the impact of the maltenes phase and asphaltenes on the linear viscoelastic behaviour and the microstructure of bitumen were analysed by creep recovery testing in a DSR and by atomic force microscopy (AFM) in [11] . The investigation [12] was focused on the relation between the logarithm of the shear modulus log |G*| (and the phase angle δ) and the bitumen fractions at different temperatures. The results of the multiple linear regression analyses showed that the complex modulus of the bitumen is dependent on both the contents and the molecular weight of the several bitumen fractions. The similar investigations can be found in other research works that deal with the effect of the compound of bitumen on rheological properties ( [13] [14] ).
The missing information in the literature is, what is the effect of the compound of bitumen on the viscous and plastic part of the shear complex modulus. Therefore, the research on this topic was realized using four bitumens.
Experimental
The research was performed on the samples of the bitumens that are commonly used for the production of asphalt mixtures. Their parameters and the applied tests are described below. The results of the tests are presented and discussed and the conclusions are made based on the findings.
Materials
The samples of the tested bitumens composed of two paving grade bitumens (PGB) and two polymer modified bitumens (PMB) that were modified by Styrene-Butadiene-Styrene (SBS). The overview is in Table 1 . 
Tests of the bitumens
The standard penetration and softening point tests according to [15] and [16] were used to determine the basic parameters of the bitumens. The composition of the bitumens was investigated using the Saturate, Aromatic, Resin and Asphaltene (SARA) analysis and the elementary analysis (C, H, N, S content). The rheological properties of the bitumens were tested using the Dynamic Shear Rheometer test (DSR) according to [17] .
The combination of the extraction of asphaltenes using n-heptane and the liquid chromatography was used for the (SARA) analysis. The method of burning the sample in the flow of oxygen was applied for determining the elementary composition, i.e., the determination of the content
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DSR tests were performed to analyse the rheological properties of the bitumens. The tests were performed according to EN 14770 with the controlled shear loading. The parameters of the test are given in Table 2 . Before starting the DSR measurement, strain sweeps were performed to determine the linear viscoelastic region of the binder. The storage modulus, loss modulus, complex modulus and phase angle were determined using the recorded response of the sample to the load. 
Test results and discussion
The results of the penetration and the softening point test proved the expected difference in these values (Table 3 ).
Based on current knowledge and the results of the standard tests, the difference in the composition of asphaltenes, maltenes, saturates and resins among the bitumens was expected. The SARA analysis proved that some differences exist ( Fig. 1 ) but they are not very significant. An even smaller difference was observed for the elemental composition of the bitumen ( Table 4 ). As for the bitumen A4, A11 and M2, it can be stated, that the elemental composition of these binders is almost identical. Some minor difference can be observed in the content of the elements in the case of the bitumen M11. Despite the small differences in the group and elementary composition, the DSR test showed the different rheological behaviour the tested bitumens. The master curves calculated for the temperature of 25 o C proved the change of the complex modulus ( Fig. 2 ) and the phase angle ( Fig. 3 ) in the whole range of the load frequencies. It is evident from the figures above that the stiffness of the PMB is higher in the lower frequencies compared to the stiffness of PGB. However, the complex modulus of the PGB 35/50 (A11) is close to the values of the PMB. When the frequency increases, the change of the stiffness of the PGB is a little bit faster compared to the stiffness of the PMB and the difference in the complex modulus decreases. An interesting fact is, that the complex modulus of the PMB 45/80-75 (M2O) is the lowest at the frequencies above 10 Hz. The master curves of the phase angle clearly demonstrate the difference between the PGB and PMB. The lower phase angle of the PMB (M2O and M11O) confirms more elastic behaviour of both PMB. However, only the PMB 45/80-75 (M2O) behaves as a polymer modified binder (the master curve of the phase angle declines as the frequency decreases lower than 10 -2 Hz). The PMB 25/55 -60 (M11O) is more close to the PGB binders.
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The effect of the chemical composition of the bitumen on its rheological properties was investigated only in relation to the components of the complex modulus, i.e. the real (elastic) and imaginary (plastic) part. The values determined at all test temperatures for the frequency of 1.29 Hz were used for the regression analysis with the individual compounds of the bitumen. The example is given in Fig. 4 . As for the effect of the compound on the plastic part of the shear complex modulus, only the aromatics and asphaltenes at the temperature of 80 o C could be significant. The effect of these two compounds at other temperatures seems to be unimportant because of the low coefficient of determination. The significant effect of the resins can be stated for the temperatures of 15 o C and 5 o C (R 2 above 0.8 and 0.7 respectively). The R 2 values at other temperatures are mostly below 0.5. Therefore, the marginal effect of the resins can be supposed at these temperatures. The effect of saturates on the plastic part of the shear complex modulus is identical to their effect on the elastic part. Due to the R 2 values lower than 0.55 can be evaluated as negligible. The previous R 2 values were determined only for the frequency of 1.29 Hz. To verify the change of the coefficient of determination with frequency, the regression analysis was used to determine the R 2 values (Fig. 6 ). This procedure was executed for the temperature of 80 o C. The reason for this was that the highest R 2 values at the frequency of 1.29 Hz were observed at this temperature.
Vol. 15, Issue 2/2019, 174-182 The course of the R 2 values (Fig. 7) confirms that the frequency of the DSR test can be a factor affecting the level of the relationship between the group composition of the bitumen and its rheological properties (elastic and plastic part of the shear complex modulus).
The highest R 2 values determined for the aromatics and resins at the frequency of 1.29 Hz, in the case of the elastic part of the complex modulus, have a different course at other frequencies. The R 2 values for the resins increase for the lower frequencies and decrease for the frequencies higher than 1.29 Hz. However, the change of the R 2 values for the aromatics is opposite (the lower values for the lower frequencies and vice versa). The significant effect of the frequency was observed in the case of the asphaltenes. The R 2 value importantly increases at the frequencies above 1.29 Hz and reaches the values up to 0.8. The graphical presentation of the coefficients of determination derived for the plastic part of the shear complex modulus also proves the effect of the frequency. The stable trend can be observed for saturates and resins. The R 2 values for saturates are increasing with frequency. However, the highest R 2 value is not sufficiently high to suppose the effect of this compound on the value of the shear modulus. The R 2 values for the resins decrease with frequency. The significant values (0.8 -0.7) can be observed at the very low frequencies (less than 0.15 Hz). The R 2 values at the higher frequencies indicate the marginal effect of this compound on the plastic part of the shear complex modulus. The trend for the aromatics and asphaltenes is the same. The raising of the R 2 values from the frequency of 0.1 Hz, then the decrease when the frequency is above 0.3 Hz (aromatics) or 0.6 Hz (asphaltenes).
Both compounds can be assessed as affecting the numeric value of the plastic part of the shear complex modulus up to the frequency of 3 Hz.
Conclusions
The investigation was focused on the relationship between the chemical (group) composition of the bitumen and its shear complex modulus. Two paving grade bitumens and two polymer (SBS) modified bitumens were tested. The SARA and elementary analysis proved the small differences among the bitumens. Nevertheless, the DSR test performed at the various frequencies and temperatures demonstrated the variation in the shear complex modulus and its elastic and plastic part.
The effect of the chemical composition of the bitumen on its rheological properties was investigated using the regression analysis. In the first stage, the coefficient of determination was determined for the frequency of 1.29 Hz and all test temperatures.
The significant effect on the elastic part of the complex modulus was determined only at the high temperatures (60 and 80 o C). The aromatics, resins and asphaltenes were identified as the influencing compounds. The important effect was also noted for the resins at the temperatures of 5 and The regression analysis of the chemical composition of the bitumen and the parts of the shear complex modulus at the temperature of 80 o C proved that the frequency of the DSR test can be a factor affecting the level of the relationship between the group composition of the bitumen and its rheological properties. It was concluded, for the elastic part of the complex modulus, that the aromatics and asphaltenes are important for the frequencies above 0.6 Hz and 3 Hz respectively. The effect of the resins is important in the frequencies below 3 Hz.
The effect of the frequency was also identified for the plastic part of the shear complex modulus. The effect of the saturates increases with frequency. However, the content of the saturates does not relate to the values of the plastic part of the shear modulus. The significant effect of the resins was observed at the very low frequencies (less than 0.15 Hz). At the higher frequencies, the resins have a marginal effect on the plastic part of the shear complex modulus. The aromatics and asphaltenes were assessed as the compounds affecting the numeric value of the plastic part of the shear complex modulus up to the frequency of 3 Hz.
